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HEOTEON  AKD  PEOTOE  BIM)ING  ELIEEGIES  IN  THE  EEGION  OF  LEAD 


By  Katharine  Way* 


The  maxima  in  Ot  particle  decay  energies  for  mass  numbers  210-215 
recently  emphasized  by  Perlman^  Ghiorso^  and  Seaborg^  can  be  looked  at  in 
terms  of  neutron  and  proton  binding  energies  and,  when  thus  interpreted, 
reveal  rather  sharp  discontinuities  in  these  bindings  at  proton  number  82 
and  neutron  number  126,  The  numbers  82  and  126  are  two  of  the  "magic” 
numbers  connected  with  marked  nuclear  stabilit;/  on  which  attention  has  been 
focused  by  M,  G.  Mayer. ^  If  one  considers  these  "magic"  numbers  as  numbers 
fcr  which  neutron  or  proton  "shells"  are  closed  one  would  expect  unusually 
high  binding  energies  for  the  82nd,  8lst,  etc.,  proton  and  for  the  126th, 
125th,  etc.,  neutron  and  unusually  small  bindings  for  protons  with  number 
slightly  greater  than  82  and  neutrons  with  number  slightly  greater  than  126 
As  the  new  shells  fill  up,  the  binding  energies  should  gradually  return  to 
"normal.". 

The  binding  energy  of  four  neutrons  to  certain  heavy  nuclei  can  be 
found  with  a  good  deal  of  accuracy  from  known  a  and  /3  decay  energies.  Thus 
the  binding  energy  of  four  neutrons  to  is  equal  to  (mass  + 

mass  (4  n*s)  -  mass  (U^3o)  ]  or  {  mass  (4  n^s)  -  mass  (He^)  -  EO(  (U^38)  - 
(^1)  -  E  i3(UX2)  -  ErecoilJ-  equals  ^23.^  -  4.l8  -  0.2o3  - 

2.32^  “  *07  }  or  22.9  mev.  Tne  binding  energy  of  four  neutrons  to  Pb^'^° 
turns  out  by  a  similar  calculation  to  be  only  17.6  mev  using  E  ^3  (ThB)- 
0,88  mev,  Ej3  (ThC)  =  2,20  mev,  and  Ea  (ThC  ' )  =  8.78  mev.  The  Bohr -Wheeler 5 
liquid  drop  model  with  the  semi-empirical  constants  given  by  them  gives 
22.8  mev  for  the  binding  of  4  neutrons  to  U^34  as  against  22,9  Kiev  found 
above.  However,  for  the  Pb^^^  value  the  Bohr-Wheeler  model  gives  again 
22.8  mev  in  marked  disagreement  with  the  I7.6  mev  found  from  decay  energies 

AssToming  that  the  individual  Bohr-Wheeler  values  for  the  binding  of 
a  neutron  to  U^34^  U^35^  U^3o^  and  U^37  are  correct  one  can  calculate 
binding  energies  in  the  region  of  Pb  from  known  O'  and  jS  decay  energies o 
For  instance 


Bn(A  -  4,  Z  -  2)  =  B^(A,  Z)  f  EO^i  -  EO'2 

when  Bn(A,Z)  is  the  binding  energy  of  a  neutron  to  a  nucleus  with  mass  A 
and  charge  Z  and  where  EOi^^  and  Eo'2  disintegration  energies  asso¬ 

ciated  with  the  emission  of  a?  particles  from  the  nuclei  (A,  Z)  and 
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(A  +1,  Z).  A  similai*  relation  holds  for  ^  decay,  hnt  here  the  uncer¬ 
tainties  of  the  results  are  greater  than  in  the  a  cases  since  in  many 
cases  decay  schesaes  have  not  been  worked  out  c  Some  checks  were  possible 
from  stability  considerations  and  cycle  calculations c  In  some  cases  it 
is  necessary  to  depend  on  cycle  calculations  entirslyc  By  such  a  calcu¬ 
lation  is  meant  the  value  found  by  requiring  disintegration  energies 
leading  from  the  same  initial  to  the  same  final  nucleus  to  be  equal. o 

Table  1  shows  the  results  o  Here  the  value  Tol  in  the  first  row  is  ^ 

the  binding  energy  in  mev  of  the  126th  neutron  to  a  nucleus  containing 
8l  protons  and  125  neutrons^  while  the  value  7«8  the  second  row  gives 
the  binding  energy  of  the  82nd  proton  to  the  same  nucleus o  The  values 
found  support  the  shell  picture  since  unusually  high  binding  energies 
are  observed  just  before  and  unusually  small  ones  just  after  the  comple¬ 
tion  of  the  "shells”  at  neutron  number  126  and  proton  number  82 o  The 
nucleus  Pb^Oo  containing  both  82  protons  and  126  neutrons  is  seen  to 
act  like  a  core^  additional  neutrons  and  protons  being  bound  to  it  by 
approximately  equal  amounts o 

Results  rather  similar  to  those  of  Table  1  were  found  by 
Bertheloto  in  1942  from  consideration  of  disintegration  energies  of 
Pb,  Bi,  and  Po  isotopes  onlyo 

Table  1,  Neutron  and  proton  binding  energies c 


N 

124  125  126  127  128  129  130  131 

(5) 


T1 

81 

7ol  3«5 

7.8  7.7 

4,7 

7.7 

Vi  - 

4.0 

(?) 

8.5 

Pb  6„9 

82 

7.0  3.5 

5.5 

4.0 

4,6 

Bi 

83 

3.5 

4.9 

4.9 

5.3 

4.6  4.8 

4,1 

4,9 

4,3 

5o3 

5.2 

5.6  5o4 

6,7 

6,7 

Po 

84 

4.8 

5.7 

4o0 

6,2 

4,3  5.3 

At 

85 


4„9 


5.5 


AECD-2484 


3 


EEEEEENCES 

1.  Perlman,  I.,  A,  Ghiorso,  and  G.  T.  Seaborg,  Phys.  Eev,  7^^1730  (19^8). 

2.  Mayer,  Maria  G.,  Phys*  Eev.  74:235  (1948). 

3.  Bradt,  H.,  and  P.  Sherrer,  Helv.  Phys.  Acta  19:307  (1946);  Phys.  Eev. 

71:141  (1947). 

4.  Bradt,  H.,  Nucleonics,  May  1948,  Part  2. 

5.  Bohr,  N.,  and  J.  A.  Wheeler,  Phys.  Eev.  56:426  (1939)'* 

6.  Berthelot,  A.,  J.  Phys.  Ead.  VIII,  3:17  (1942). 


END  OF  DOCUMENT 


Accesion  For 

NTIS  CRA&I 
DTIC  TAB 
Unannounced 
Justification  _ 


By _ 

Distribution/ 


Availability  Codes 

Dist 

Avail  2 
Spe 

ind  /  or 
cial 

, 

_ _ _ _ 1! 

